A Gram-negative, facultatively anaerobic, short rod-shaped, heterotrophic bacterium, designated strain YIM D21
The genus Roseivivax was originally proposed by Suzuki et al. (1999) and emended recently by Park et al. (2010) . At the time of writing, the genus comprised three species with validly published names: two species, Roseivivax halodurans and Roseivivax halotolerans, which were isolated from a salt lake (Suzuki et al., 1999) ; and a third species, Roseivivax lentus, from a tidal flat sediment on the west coast of Korea, was subsequently described by Park et al. (2010) . Members of this genus are Gram-negative, catalase-and oxidase-positive, rod-shaped bacteria. The major fatty acid is C 18 : 1 v7c. The respiratory quinone is ubiquinone-10.
Common major polar lipids are phosphatidylglycerol (PG), phosphatidylethanolamine (PE), unidentified phospholipids (PLs) and unidentified lipids. The DNA G+C content is 59.7-68.2 mol% (Suzuki et al., 1999; Park et al., 2010) . The aim of this study was to determine the exact taxonomic position of strain YIM D21 T , which was isolated from salt mine sediment, by using a polyphasic approach. The results presented in this study show that this isolate represents a novel species of the genus Roseivivax.
During the course of the investigation of cultured microbial diversity of hypersaline environments in Yunnan, south-west China, strain YIM D21
T was isolated from a sediment sample collected from a crystallizer pond of the Fenggang salt mine (23 u 289 N 100 u 439 E) in Yunnan province, south-west China. At the time of sampling, the NaCl concentration, pH and temperature of the sediment were 49.3 %, pH 7.6 and 20.8 u C. The strain was isolated by the standard dilution-plating technique on marine agar 2216 (MA; Difco) at 28 u C. Strain YIM D21
T was subsequently maintained on MA slants and stored as 20 % (v/v) Gram staining was performed as described by Smibert & Krieg (1994) . Cell morphology and flagella were examined by light microscopy (BH-2; Olympus) after Leifson staining (Murray et al., 1994) . Motility was observed via the hanging-drop method (Suzuki et al., 2001) . Growth at various temperatures (4, 10, 15, 20, 25, 28, 37, 45 and 50 u C) and pH ranges (4.0-11.0, in increments of 0.5 pH units) was determined on marine broth 2216 (MB) supplemented with 3 % NaCl (designated modified MB). To test NaCl tolerance, growth at various NaCl concentrations (0-10 % at intervals of 1 %, 13, 15, 17, 20, 25 and 30 %, w/v) ). Growth under anaerobic conditions was determined after incubation in an anaerobic jar (GasPak Anaerobic systems; BBL) on marine agar 2216 (MA) supplemented with 3 % NaCl (designated modified MA). Bacteriochlorophyll a was analysed spectrophotometrically according to the procedure of Cohen-Bazire et al. (1957) following the recommendations of Allgaier et al. (2003) . Catalase and oxidase activities were determined using 3 % (v/v) hydrogen peroxide and Kovacs' reagent (Kovacs, 1956) , respectively. Glucose fermentation, indole production, and hydrolysis of aesculin, casein, DNA, gelatin, starch, Tweens 20, 40, 60 and 80, and urea were examined as described by Høvik Hansen & Sørheim (1991) . Nitrate reduction was tested in modified MB medium containing 0.2 % (w/v) KNO 3 . Nitrite was monitored with naphthylamine/sulphanilic acid reagents and residual nitrate was monitored with Zn powder; gas production was detected in Durham tubes (Skerman, 1967) . H 2 S production was tested in modified MB medium supplemented with 0.01 % (w/v) L-cysteine; the indicator was a strip of paper impregnated with lead acetate placed in the neck of the tube (Clarke, 1953) . Other enzyme activities were assayed by using the API ZYM kit (bioMérieux) according to the manufacturer's instructions; the cell suspension was prepared in autoclaved 5 % (w/v) NaCl solution. Acid production from carbohydrates was determined as described by Leifson (1963) . Carbon utilization was tested using artificial seawater medium (Cho & Giovannoni, 2006) supplemented with 3 % NaCl as the basal medium containing each carbon source at a final concentration of 0.5 % (w/v or v/v). Antibiotic resistance was determined by the disc diffusion method using commercial antibiotic-impregnated discs (Bauer et al., 1966) . The results were estimated according to the inhibition zone.
Chemotaxonomic analyses were performed on strain YIM D21 T as well as on the reference strains R. halodurans DSM 15395 T , R. lentus KCTC 22708 T and R. halotolerans DSM 15490
T . Isoprenoid quinones were extracted according to the method of Collins et al. (1977) and analysed by HPLC as described by Tamaoka et al. (1983) . Polar lipids were extracted according to procedures described by Minnikin et al. (1979) . Polar lipids were separated by two-dimensional chromatography and identified on the basis of their R F values in combination with their reaction with specific staining reagents (Tindall, 1990a, b) . Molybdophosphoric acid, a-naphthol reagent, Dragendorff reagent, ninhydrin and molybdenum blue reagent were used for the detection of total lipids, glycolipids, quaternary ammonium compounds, aminophospholipids and PLs, respectively. Biomass for quantitative fatty acid analysis of the isolate was obtained by scraping cells from modified MA plates that had been incubated for 4 days at 28 u C. Whole-cell fatty acids of the reference strains were analysed using biomass grown at 28 u C; R. halodurans DSM 15395 T and R. halotolerans DSM 15490
T were grown on modified MA for 4 days, whereas R. lentus KCTC 22708
T was grown on modified MA for 6 days. Analysis of the cellular fatty acid pattern was carried out using the method described by Sasser (1990) with Sherlock Microbial Identification System version 6.0 (MIDI system) and the standard MIS Library TSBA6.
Genomic DNA extraction, PCR amplification of the 16S rRNA gene and sequencing of the purified PCR product were carried out as described previously (Cui et al., 2001) . The 16S rRNA gene sequences of the closely related taxa were retrieved from GenBank using BLAST software (Altschul et al., 1990) . The sequences obtained were aligned and similarities were calculated by the program CLUSTAL_X (Thompson et al., 1997) . Phylogenetic trees were reconstructed by the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971 ) methods with MEGA4 (Tamura et al., 2007) ; a maximum-likelihood (Felsenstein, 1981) tree was generated using the treeing algorithm contained in the PHYLIP package (Felsenstein, 1993) . Evolutionary distances were calculated according to the algorithm of the Kimura's two-parameter model (Kimura, 1980) for the neighbour-joining method. Bootstrap analysis was used to evaluate tree topology by means of 1000 resamplings (Felsenstein, 1985) .
The almost-complete 16S rRNA gene sequence of strain YIM D21 T comprised 1449 bp. Comparison of this sequence with those available from public databases demonstrated that the Roseivivax species were the close relatives of the isolate. Strain YIM D21
T was phylogenetically affiliated to the genus Roseivivax. In the neighbour-joining phylogenetic tree based on 16S rRNA gene sequences, strain YIM D21 T joined the cluster comprising three Roseivivax species with a bootstrap resampling value of 70 % (Fig. 1) . Topological relationships of strain YIM D21
T and the type strains of the three Roseivivax reference species in the neighbour-joining tree were consistent with those seen in the other two trees reconstructed according to the maximum-likelihood and the maximum-parsimony algorithms (Figs S1 and S2, available in IJSEM Online). Strain YIM D21
T exhibited 16S rRNA gene sequence similarities of 95.7 % to R. halodurans Och 239 T , 95.0 % to R. lentus S5-5 T and 94.8 % to R. halotolerans Och 210 T , and less than 95.0 % to other members of the family Rhodobacteraceae of the subclass Alphaproteobacteria included in the phylogenetic analysis.
The genomic DNA G+C content was determined by HPLC according to Mesbah et al. (1989) ; DNA was extracted according to the method of Cui et al. (2001) . Genomic DNA from Escherichia coli K-12 DH5a was used as a standard. The DNA G+C content of the isolate was 67.7 mol%.
Cells were Gram-negative, catalase-and oxidase-positive, non-motile and short rod-shaped (Fig. S3 ). Flagella and endospores were not observed. Colonies were creamyellow, circular, convex and opaque with slightly irregular margins after growth on modified MA at 28 u C for 4 days. The temperature and pH ranges for growth were 15-42 u C and pH 6.5-8.5, respectively. Growth occurred at NaCl concentrations of 1-15 % (w/v) on modified TSA. The isolate did not produce bacteriochlorophyll a. Phenotypically, the isolate differed from the type strains of species of the genus Roseivivax by characteristics shown in Table 1 . Other phenotypic characteristics of strain YIM D21
T are given in the species description.
The isoprenoid quinone of strain YIM D21
T , ubiquinone-10 (Q-10), was also observed in other Roseivivax species (this study; Park et al., 2010) . The cellular fatty acid profile of strain YIM D21
T was similar to those of R. halodurans DSM 15395 T , R. lentus KCTC 22708 T and R. halotolerans DSM 15490 T , but minor differences in the proportions of some fatty acids (C 18 : 1 v7c, cyclo C 19 : 0 v8c, 11-methyl C 18 : 1 v7c, C 18 : 0 and C 16 : 0 ) could be observed (Table 2) . The polar lipid profile of strain YIM D21 T comprised diphosphatidylglycerol (DPG), PG, phosphatidylcholine (PC), PE, one unidentified aminolipid, three unidentified PLs and two unidentified lipids (Fig. S4) . Interestingly, the polar lipid profiles of the three reference strains in this study were similar to those observed by Park et al. (2010) . However, in this previous study, PC was designated 'unidentified PLs'. In this study, we can clearly separate and identify PC by using Dragendorff reagent and on the basis of R F values. The polar lipid profiles of R. halodurans DSM 15395 T , R. lentus KCTC 22708 T and R. halotolerans DSM 15490
T were similar to that of strain YIM D21 T in that PG, PE, PC, two unidentified PLs and two unidentified lipids are major polar lipids (Fig. S4 ). An unidentified aminolipid was present as a major polar lipid in strain YIM D21 T , R. T . The differences in polar lipid profiles among members belonging to the same genus have been reported in many genera. There were no distinct chemotaxonomic properties that serve to differentiate strain YIM D21
T from three Roseivivax species.
Strain YIM D21
T exhibited a number of phenotypic similarities with respect to species of the genus Roseivivax, including: a requirement for NaCl for growth; the ability to hydrolyse Tweens 20 and 60, urea and aesculin; Q-10 as the major quinone; PG, PE, an unidentified PL and unidentified lipids as the major polar lipids; and C 18 : 1 v7c, cyclo C 19 : 0 v8c, 11-methyl C 18 : 1 v7c, C 16 : 0 , C 18 : 0 as the major fatty acids; and a DNA G+C content of 67.7 mol%, which is in the range 59.7-68.2 mol% for members of the genus Roseivivax. These features of strain YIM D21 T are typical of members of the genus Roseivivax (Suzuki et al., 1999; Park et al., 2010) . However, several growth characteristics of (C8), leucine arylamidase, valine arylamidase, naphthol-AS-BI-phosphohydrolase and acid phosphatase, and susceptibility to amikacin (30 mg), ciprofloxacin (5 mg), gentamicin (10 mg), netilmicin (30 mg) and vancomycin (30 mg). All strains are negative for H 2 S and indole production, hydrolysis of casein, DNA and starch, utilization of methanol, D-fructose, dextrin, b-cyclodextrin, D-xylose, myo-inositol and melibiose, acid production from raffinose, activity of lipase (C14), trypsin, a-chymotrypsin, b-galactosidase, b-glucuronidase, N-acetyl-bglucosaminidase, a-mannosidase and a-fucosidase, and susceptibility to clindamycin. Suzuki et al. (1999) . DData from Park et al. (2010) .
YIM D21
T , such as the absence of Tween 40 hydrolysis, its resistance to penicillin G and tetracycline, and its inability to reduce nitrate, clearly differentiated this isolate from members of the genus Roseivivax (Table 1 ). The proportion of some fatty acids [C 18 : 1 v7c (50.9 %), cyclo C 19 : 0 v8c (22.8 %), 11-methyl C 18 : 1 v7c (8.8 %), C 18 : 0 (5.9 %) and C 16 : 0 (5.8 %)] also served to distinguish it from members of the genus Roseivivax ( Table 2 ). The low level of 16S rRNA gene sequence similarity (,96.0 %) with respect to species of the genus Roseivivax, the distinct phylogenetic position (Fig. 1) and the presence of several differentiating phenotypic characteristics (Table 1) demonstrate that  strain YIM D21 T represents a novel species of the genus Roseivivax, for which the name Roseivivax sediminis sp. nov. is proposed.
Description of Roseivivax sediminis sp. nov.
Roseivivax sediminis (se.di9mi.nis. L. gen. n. sediminis of a sediment).
Cells are Gram-negative, catalase-and oxidase-positive, moderately halophilic, facultatively anaerobic, heterotrophic, non-motile and short rod-shaped. Colonies are creamyellow, circular, convex and opaque with slightly irregular margins. Temperature range for growth is 15-42 u C (optimum 28 u C). pH range for growth is 6.5-8.5 (optimum pH 7.5-8.0). Growth occurs at NaCl concentrations of 1-15 % (w/v) (optimum 5-10 %). , was isolated from a sediment sample collected from the Fenggang salt mine in Yunnan province, southwest China. The genomic DNA G+C content of the type strain is 67.7 mol%. 
